There are several methods in dynamic substructuring for numerical simulation of complex structures in the lowfrequency range, that is to say in the modal range. For instance, the Craig-Bampton method is a very efficient and popular method in linear structural dynamics. Such a method is based on the use of the first structural modes of each substructure with fixed coupling interface. In the medium-frequency range, i.e. in the nonmodal range, and for complex structures, a large number of structural modes should be computed with finite element models having a very large number of degrees of freedom. Such an approach would not be efficient at all and generally, cannot be carried out. In this paper, we present a new approach in dynamic substructuring for numerical calculation of complex structures in the medium-frequency range. This approach is still based on the use of the Craig-Bampton decomposition of the admissible displacement field but the reduced matrix model of each substructure with fixed coupling interface, which is not constructed using the structural modes, is constructed using the first eigenfunctions of the mechanical energy operator of the substructure with fixed coupling interface related to the medium-frequency band. The method and a numerical example is presented.
Introduction
In the low-frequency range, the Craig-Bampton method [2] is very efficient to calculate the dynamical response of a complex structure modeled by finite element method. This method was initialy developped for discretized systems. The continuous version for a conservative structure can be found in [4] , [5] and for a dissipative structure in [6] , [7] . This method is based on the use of the structural modes of each substructure with fixed coupling interface allowing a reduced matrix model to be constructed. It is known that structural modes cannot be used to construct such a reduced matrix model in the mediumfrequency range for many reasons (see for instance [10] , [7] ). Recently, a method was proposed to construct reduced matrix model in the medium-frequency (MF) range [8] - [9] . In this paper, we present a new approach for dynamic substructuring in the MF range. This approach is similar to Craig-Bampton method, but the structural modes for each substructure with fixed coupling interface are replaced by the eigenfunctions associated with the highest eigenvalues of the mechanical energy operator related to the MF band for the substructure. In section 2, we present the dynamic substructuring construction in the MF range. Section 3 deals with the construction of eigenvector basis used for the reduced matrix model of each substructure in the MF range. Finally, an example is presented in section 4.
Dynamic substructuring construction in the mediumfrequency range.
In this paper, the formulation is written in the frequency domain and is based on the use of a finite element model. In addition, it is assumed that the structure is subdivided into two substructures. Generalization to several ones is straightforward.
Reduced matrix model for a substructure.
We consider linear vibrations of a 3D viscoelastic structure around a static configuration considered as a natural state (without prestresses). The structure is fixed and occupies a bounded domain of R 3 , with boundary @ = ; ; 0 where ; 0 is the part of the boundary in which the displacement field is zero (Dirichlet conditions). The outward unit normal to @ is denoted by n (see Figure 1) . Figure 2 ). We consider finite element meshes of 1 and 2 which are assumed to be compatible on coupling interface . For ! in B e B and r 2 f1 2g, we introduce the C nr -valued vectors U r !, F r ! and F r ! constitued of the n r DOFs, the discretized forces induced by external forces g vol and g surf , and the discretized internal coupling forces applied to coupling interface , respectively. The matrix equation for substructure r is then written as A r ! U r ! = F r ! + F r ! : (4) in which symmetric (n r n r ) complex matrix A r ! is the dynamical stiffness matrix of substructure r with a free coupling interface, which is defined by 
The Craig-Bampton method [2] introduced for finite element models is based on a fundamental mathematical property proved for the boundary value problems in Ref. [4] , consisting in writing (see Figure 3 ) the admissible displacement vector space C r for substructure r with free coupling interface as the direct sum of the vector space C r of static liftings relative to coupling interface (so called the space of 
We then propose an approach for dynamic substructuring in the MF range which is based on the use of the fundamental property defined by Eq. (10) and on the construction of a reduced matrix model for substructure r with fixed interface . This construction is obtained in substituting the structural modes of the associated conservative substructure by the eigenfunctions associated with the highest positive eigenvalues of the mechanical energy operator of this substructure, relative to MF band B e B (see [8] - [9] ).
It should be noted that structural modes can only be used in the LF range and cannot be used in the MF range [10] , [7] . In addition, we propose to construct space C r in considering the static liftings associated 
in which
A! = To solve the eigenvalue problem defined by Eqs. ( 29)- ( 30), matrix E r B is not explicitly calculed. An indirect procedure is used (see Ref. [8] 
Example
We consider a rectangular, homogeneous, isotropic thin plate, simply supported, with a constant thickness For each structure, it is assumed that damping matrix is proportional to its stiffness matrix with a damping coefficient = 2=! B 1 with = 0:01. The master structure is submitted to a random excitation fFt t 2 Rg which is an R n -valued mean-square stationary centered second-order stochastic process indexed by R whose matrix-valued spectral density function S F ! is written as S F ! = B B T . T ! is the matrix-valued frequency response function of the master structure. We then deduce that S U ! = U! U! with U = T ! B .
We then introduce the power spectral density function e! = trf S U ! g which can be written as e! = trf U! U! g. Figure 6 shows the graph of function 7 ! 10 log 10 e2 for the master structure on the 
Conclusion
The numerical results obtained correspond to a first validation of the dynamic substructuring method in the medium-frequency range presented in this paper. These first results are good enough and more advanced validations are in progress.
